Abstract-A novel multi-user diversity scheme for OFDMA (Orthogonal Frequency Division Multiplexing Access) is described which alleviates the need of feedback and provides substantial improvements in non-cooperative environments. The algorithm exploits the reciprocity of the channel and enables a user to send reliably data at a prescribed rate knowing only its channel. Moreover, analytical expressions of the cell spectral efficiency are derived in the asymptotic regime (high number of carriers) for two filter types: matched filter and optimum filter. Discussions are also provided for various channel models.
I. INTRODUCTION
A N carrier OFDM (Orthogonal Frequency Division Multiplexing) system [1] using a Cyclic Prefix (CP) or Zero-Padding [2] for preventing inter-block interference is known to be equivalent in the Frequency Domain (FD) to N flat fading parallel transmission channels. In this paper, we consider a single cell network with K users simultaneously communicating with a base station using OFDM modulation over N carriers (see Figure 1 ). For this setting, efficient scheduling algorithms to optimize the user's rate exist and are based on multi-user diversity schemes [3] (only users with the best carrier to noise ratio (CNR) conditions access the network). This algorithm requires an estimation by the scheduler (here the best station) of the N carriers of the K users and can increase dramatically the feedback load. Moreover, for high mobility, the channel conditions vary and the algorithm becomes inaccurate. To reduce the feedback load, selective multiuser diversity algorithms have been introduced: only the users that have a CNR above a threshold send feedback to the scheduler [4] . Multiple feedback thresholds can be used [5] and are generally found numerically.
In this paper, we describe a novel multi-user diversity scheme for OFDMA [6] , [7] in which no feedback needs to be sent. Namely, each user knows only the channel coefficients of its N carriers whereas the scheduler has no channel knowledge. This is done by exploiting the reciprocity of the channel: A broadcast training sequence is sent by the base station to all the users at the beginning of the communication. Each user estimates its channel and based on an algorithm detailed afterwards selects the carriers ensuring the required data rate. Surprisingly, under mild asymptotic conditions, the algorithm enables each user to send reliably data at a prescribed rate knowing only its channel. For NiES lhk(i)12 (1) Note that in this non-cooperative scenario, for each carrier i, a set Mi C { 1, ... ,K} of users can select the same frequency carrier i, which introduces interference. As a consequence, ' Note that in this setting the inter-carrier spacing is N the received signal on carrier i at the base station is given by:
where n(i) is a zero mean gaussian noise with variance N0W (8) and (9) 
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By optimum, we refer to a joint decoding of all the users with separate code books [8] (or successive stripping of the users where the equivalence is shown in [9] ). The matched filter corresponds to the case where all the users (except the user of interest) are considered as background noise. The spectral efficiencies in (3) and (4) ,N} in the setting of the model. (8) and (9) reduce to:
In the case of the optimum receiver (for which the complexity increases with the number of users as joint processing is performed), the cell spectral efficiency is independent of the number of users and is equal to the gaussian single user bound. One can show however that for the matched filter, the spectral is a decreasing function of K with:
To increase the matched filter spectral efficiency of the system, we suppose that only a certain proportion of the carriers is to be used: in this setting, Sk C { 1, ... , N} is a set of Lk = ON carriers chosen at random for each user. Since the carriers are chosen at random, the distribution of Mi (number of users on carrier i with 1 < Mi < K) is binomial with parameter ,B:
Y7matched(M) = log2 (1 + (M-I)snr+1) (6) Using the fact that snr = ptimum(M) o (respectively snr = 
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Using (14), (10) and (I1) can be written as figure 2 . Hence, the reduction in interference (by optimizing j) can more than double the spectral efficiency (see figure 3 ) (10) ( 1 1 
_x _(l-(1P)K) (15) As N -* oo, the mean spectral efficiency with matched filter has the following asymptotic expression:
The parameter p is given by: P-fE ) e-'du=exp(-El1(l)). Figure 4 shows the mean spectral efficiency of the matched filter and the optimum filter for various number of users K. Realistic monte-carlo simulations have been also performed for N= 256. The theoretical curves and the interference generated by other users. It also appears clearly that for the matched filter, the optimum number of users in the cell to be considered is one (result already proved in the downlink case in [10] ). As far as the optimum filter is concerned, the spectral efficiency increase is substantial and reaches the Gaussian user bound. Note that one can increase the spectral efficiency of the matched filter by choosing an optimized subset of the carriers as in the Gaussian case of section IV. In figure 5 , the spectral efficiency has been plotted versus the number of users at 10 dB for 2 and 16 paths. Interestingly, for the optimum filter, the spectral efficiency decreases with correlation whereas for the matched filter, the results are completely opposite. As the number of users increases, the difference tend however to disappear.
VI. CONCLUSION
An OFDMA scheme making use of the reciprocity of the channel to alleviate the need for feedback has been proposed and its performnances analyzed. Surprisingly, we show that in a non-cooperative environment with channel fading, a user can send reliable data at a prescribed rate knowing only his channel. The result is based on the predictability of the interference as the number of carriers increases. Moreover, in the case of the matched filter, we show that a judicious choice of the number of carriers can dramatically increase the rate (in comparison with the full use of all the carriers). These results put forward the gain achieved by non-cooperative reciprocal transmissions. In order to assess the performance with respect to fully centralized transmissions, the effect of channel estimation and timevariations should be taken into account. 
